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(54) IMAGE PROCESSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image 
processor in which reading accuracy of an image is 
improved through the elimination of a redundant 
component included ^Jih a^t^ected light of an 
original by providing a means to correct a read 
error caused in a thin line area in a white 
background mainly due to scattering of a light 
irradiating the original. 

SOLUTION: This processor is provided with a read 
error correction section consisting of a thin line 
area detection section 21. a line width detection 
section 22 and athin line density conversion 
section 23. and the correction section converts 
image signals R. G. B subjected to shading 
correction and logarithmic correction into R', G\ B" 
and output them to flinext stage. The thin line area 
selection section 21 and the line width detection 
section 22 detect the image signal G as to whether 
or not the signal is in existence in a thin line area 

or detect the line width. The thin line density conversion section 23 decides the 
correction amount depending on the density and the line width of the thin line area in the 
case of the thin line area based on the detection result and corrects and output the image 
signals R, G t B. When not in the thin line area, the section 23 outputs the image signals R. 
G, B as they are. Thus, the image processor is obtained, in which image read accuracy is 
improved. 
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(l) 

JP-A 9-298665 

(54) [Title of the Invention] IMAGE PROCESSING APPARATUS 
(57) [Abstract] 

[Problem] Redundant components included in reflected light from 
the original are removed to improve reading accuracy of an image. 
[Means for Solving the Problem) A color image processing 
apparatus is provided with a reading error correction portion 
4- The reading error correction portion 4 detects a fine line 
area on a white background of the original to correct density 
reduction in the fine line area. 
[Scope of Claims for Patent] 

[Claim 1] An image processing apparatus comprising an image 
reading apparatus including a light source for irradiating an 
original with light in order to optically scan the original and 
read the same, an optical system for imaging reflected light 
from the original and a photoelectric converter on which the 
light is incident through the optical system to convert the 
Incident light into electrical signals, 

wherein the image processing apparatus comprises a portion 
for correcting a reading error that is caused by scattering of 
the light irradiated to the original. 

[Claim 2] An image processing apparatus according to claim 1, 
wherein the error correction portion includes a portion for 
detecting a fine line area from an image signal, a portion for 
detecting a line width and a portion for correcting fine line 
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(2) 

JP-A 9-296665 

density based on the fine line area and the line width. 
[Claim 3] An image processing apparatus according to claim 2, 
wherein the fine line area detection portion detects, in a pixel 
area including a scanned pixel and its vicinities such as 
vertically adjacent pixels, horizontally adjacent pixels and 
obliquely adjacent pixels, a pixel in which the scanned pixel 
has the greatest density as the fine line area. 
[Claim 4] An image processing apparatus according to claim 2, 
wherein the fine line density correction portion detects a 
density value of a pixel that is detected as the fine line area 
to control a density correction quantity depending on the 
detected density value. 

[Claim 5] An image processing apparatus according to claim 2, 
wherein the fine line density correction portion controls a 
density correction quantity depending on the line width. 

[Claim 6] An image processing apparatus according to claim 2, 
wherein the fine line density correction portion corrects only 
density with keeping hue constant when the image is a color input 
image . 

[Claim 7 J An image processing apparatus according to claim 2, 
wherein the fine line density correct ion portion corrects density 
by adding or subtracting a predetermined quantity to or from 
each pixel value of RGB or CMY when the image is a color input 
image of RGB signals that are a density space after a logarithm 
correction process or of CMY signals. 
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JP-A 9-298665 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] The present 
invention relates to an image processing apparatus in which image 
reading accuracy of the original including characters and fine 
lines is Improved. 
[0002] 

[Conventional Art] A description is given of an example of an 
image reading apparatus used In a conventional digital color 
copier. Fig. 9 is an overall view of a copier. The original 
to be read is placed in contact with a contact glass surface. 
A cover is closed to sandwich the original between the cover 
and the glass surface, then a reading operation is performed. 
[0003] The image reading apparatus is provided with a scanner 
that reciprocates along the lower surface of the contact glass 
surface to scan the original optically to read the saane. Fig. 
10 shows an outline of the scanner. The scanner includes an 
illumination lamp for illuminating the original , a photoelectric 
converter for receiving reflected light from the original and 
an optical system element 9uch as a lens for directing the 
reflected light from the original to the photoelectric converter . 
[000 4] The original is irradiated with light emitted from a light 
source and is scanned, the reflected light from the original 
enters the photoelectric converter via the optical system and 
the light is photoelectrically converted into electrical signals , 
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JP-A 9-298665 

so that the reading operation is performed. The photoelectric 
converter photoelectrically converts the reflected light from 
the original to output image Information in the form of color 
signals of RGB lights. The photoelectric converter is 
configured primarily by, for example, a CCD line image sensor 
or the like. 

[0005] Here, a description is given of a process in which a reading 
error occurs due to scattering of light irradiated around each 
pixel to be read. It can be considered that the reflected light 
from the original is ideally made up of reflected light by the 
surface of the original, as shown in Fig. 11. In practice, 
however, as shown in Fig. 12, redundant reflected light is present 
that is other than the reflected light at the surface of the 
original , invades the original and is emitted out of the original 
after scattering in unspecified directions. 
[0006] 

[Problems to be Solved by the Invention] For this reason, image 
information obtained by the image reading apparatus is a 
combination of the reflected light shown in Fig. 11 and the 
redundant reflected light shown in Fig. 12. When the original 
having a fine line on its white background is read, for example, 
a phenomenon occurs that reading density of the fine line is 
reduced due to a large influence of the redundant reflected light . 
The lower the density of the line drawing is, or the smaller 
the width of the line is, the degree of reduction of reading 
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density is largely affected by light scattered around the line, 
[0007] Such a reading error causes a problem that when the read 
image is reproduced using a copier or the like, for example, 
density of a character having low contrast such as penciling 
is reduced, which deteriorates reproducibility. 
[0008] As a process for improving reproducibility of characters, 
for example , an edge enhancement process or the like is applied 
to commonly-used copiers. Examples of prior art of the edge 
enhancement process include: An edge enhancement apparatus in 
which lightness information is extracted from color image signals 
expressed by density, a signal indicative of a degree of edge 
enhancement is generated from the lightness information and a 
result depending on the signal and a density level of image signals 
is outputted (see Japanese unexamined patent publication No. 

61- 273073); An apparatus in which color image signals of RGB 
are converted into L*a*b* signals, sharpness correction (edge 
enhancement) is performed only on L* and the L*a*b* signals are 
sub jected to inverse transformation into RGB signals or converted 
into CMY signals (see Japanese unexamined patent publication 
Nos- 3-102578 and 4-170267); An edge enhancement apparatus in 
which Laplacian is calculated from image data of at least one 
color of color image signals and the Laplacian is added to image 
signals (see Japanese unexamined patent publication No. 

62- 149264) ; and An edge enhancement apparatus in which a filter 
signal is calculated from image data of at least one color of 
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color image signals and Image signals are corrected based on 
the filter signal (see Japanese unexamined patent publication 
No. 4-14383). 

[0009] The edge enhancement processes mentioned above, however, 
are intended to improve dullness of edge portions in images and 
have little effect on image deterioration caused by density 
reduction described above. Accordingly, a problem still 
remains that characters blur. 

[0010] It is an object of the present invention to provide an 
image processing apparatus in which image quality deterioration 
due to density reduction of low-contrast characters are improved . 
the density reduction being caused by scattering of light 
irradiated around each pixel to be read. 
[0011] 

[Means for Solving the Problems] In order to achieve the object 
mentioned above, according to the invention defined in claim 
1, an image processing apparatus includes an image reading 
apparatus which includes a light source for irradiating an 
original with light in order to optically scan the original and 
read the same, an optical system for imaging reflected light 
from the original and a photoelectric converter on which the 
light is incident through the optical system to convert the 
incident light into electrical signals, wherein the image 
processing apparatus includes a portion for correcting a reading 
error that is caused by scattering of the light irradiated to 
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JP-A 9-298665 

the original. 

[0012] According to the Invention defined in claim 2, the error 
correction portion includes a portion for detecting a fine line 
area from an image signal, a portion for detecting a line width 
and a portion for correcting fine line density based on the fine 
line area and the line width. 

[0013] According to the invention defined in claim 3. the fine 
line area detection portion detects, in a pixel area including 
a scanned pixel and its vicinities such as vertically adjacent 
pixels, horizontally adjacent pixels and obliquely adjacent 
pixels , pixels in which the scanned pixel has the greatest density 
as the fine line area. 

[0014] According to the invention defined in claim 4, the fine 
line density correction portion detects a density value of a 
pixel that is detected as the fine line area to control a density 
correction quantity depending on the detected density value. 
[0015] According to the invention defined in claim 5, the fine 
line density correction portion controls a density correction 
quantity depending on the line width. 

[0016] According to the invention defined in claim 6, the fine 
line density correction portion corrects only density with 
keeping hue constant when the image is a color input image. 
[0017] According to the invention defined in claim 7, the fine 
line density correction portion corrects density by adding or 
subtracting a predetermined quantity to or from each pixel value 
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of RGB or CMY when the image is a color input image of RGB signals 
that are a density space after a logarithm correction process 
or of CMY signals . 
[0018] 

[Embodiment of the Invention] Hereinafter, one embodiment of 
the present invention will be specifically described with 
reference to drawings . A color copier is taken as an example 
and an image processing apparatus according to the embodiment 
of the present invention is described. Fig. 1 is a functional 
block diagram of a color image processing apparatus according 
to the present invention. An image reading apparatus 1 includes 
a scanner that reciprocates along a lower surface of a contact 
glass surface to scan the original optically to read the same. 
The scanner scans the original that is irradiated with light 
from a light source, performs photoelectric conversion of the 
reflected light and outputs Image information. The 
photoelectric conversion of a color image is made by , for example , 
performing color separation by a filter for separating the 
reflected light from the original into three colors of R, G and 
B, using a light receiving element such as a CCD to acquire an 
analog signal proportional to light amount thereof and using 
an AD converter to acquire image Information of RGB digital 
signals . 

[0019] Generally, the light receiving element has variations 
for each pixel and amount of light for irradiating the original 
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from the light source differs between the vicinity of the center 
and end portions. Accordingly, the image signals that are 
obtained by the photoelectric conversion are subjected to a 
shading correction process in a shading correction portion 2 
so as to equalize variations caused by sensor output. 
[0020] The density of the original is in logarithm relationship 
to the amount of the reflected light from the original. A 
logarithm correction portion 3 performs a logarithm correction 
process, so that the image signals after the shading correction 
process are converted into signals proportional to the density 
of the original. Here, suppose that a signal value is within 
the range of 0-255, and 0 and 255 correspond to white and black, 
respectively. 

[0021] Next, a detailed description is given of a process in 
a reading error correction portion 4 that is a feature of the 
present invention. Attention is focused on the truth in which 
a reading error mainly occurs in a fine line area on a white 
background. In this example, a fine line area on a white 
background of the original is detected and density reduction 
in the detected fine line area portion is corrected to an 
appropriate value. 

[002 2] Fig. 2 shows a configuration of the reading error 
correction portion which includes a fine line area detection 
portion 21. a line width detection portion 22 and a fine line 
density conversion portion 23. The fine line area detection 
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portion 21 determines whether or not an area is a fine line area 
to deliver the determination result to the fine line density 
conversion portion 23. The line width detection portion 22 is 
a circuit for detecting a line width and delivers the detection 
result to the fine line density conversion portion 23. When 
the detection result received from the fine line area detection 
portion 21 is a fine line area, the fine line density conversion 
portion 23 determines a correction quantity depending on density 
and a line with of a fine line portion to output the corrected 
value. When the detection result is a non-fine line area, the 
fine line density conversion portion 23 outputs the input signal 
without change. 

[0023] Fig. 4 shows a configuration of the fine line area detection 
portion . The fine line area detection portion uses Green signals 
in the vicinity of a 3 X 3 area whose center is a target pixel. 
Pixels a, b, c. d, e. f, g and v included in a 3 x 3 area whose 
center is a target pixel v shown in Fig. 3 denote Green signal 
values at respective corresponding positions. The fine line 
area detection portion 21 includes a three-line buffer 211, peak 
pixel detection circuits 212-215 in the directions of Dl. D2, 
D3 and D4 concerning 3x3 pixels in the buffer and a circuit 
216 for determining output of each of the peak pixel detection 
circuits in a comprehensive manner. 

[0024] In order to detect a fine line area, first, with respect 
to each of the four directions of the vertical direction Dl. 
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the horizontal direction D2 and the oblique directions D3 and 
D4, the following method is used to determine whether or not 
the central pixel v is a peak pixel. A case of the horizontal 
direction D2 is described, for example. The D2 direction peak 
pixel detection circuit 213 9hown in Fig. 4 determines that the 
target pixel visa peak pixel in the D2 direction when a condition 
(v-d>TH)&(v-c>TH) is satisfied in the three pixels including 
values of v, d and e in which v is the center and d and e are 
^ horizontally ad j acent thereto in Fig . 3 . TH is a constant having 

a value of, for example, approximately 5. 

[0025] Concerning three pixels whose center is the target pixel 
v in each of the vertical direction Dl and the oblique directions 
D3 and D4 , it is determined whether or not the target pixel v 
is a peak pixel in a similar way. Based on the determination 
results , the fine line area comprehensive determination circuit 
216 determines that an area is a fine line area when the central 
pixel v is a peak pixel in at least one direction of the four 
directions Dl, D2, D3 and D4. Otherwise, the fine line area 
comprehensive determination circuit 216 determines that an area 
is a non-fine line area. After the determination, the fine line 
area comprehensive determination circuit 216 outputs the 
determination result. 

[002 6] Fig. 5 shows a configuration of the line width detection 
portion. The line width detection portion includes a binary 
process portion 221, a memory 222 having a size of 7 x 7 and 
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a line width counting circuit 223. The line width detection 
portion stores in the memory 222 a result obtained by performing 
a binary process on Green signals in the vicinity of a 7 X 7 
area whose center is a target pixel using a predetermined 
threshold value. As a result of the binary process, a value 
of "l" is stored as a line portion, while a value of "O" is stored 
as a non-line portion. 

[0027] The line width counting circuit 2 23 counts the number 
of values of Tin each of the vertical and horizontal directions 
to output the minimum value of both the counts as a line width. 
For example, after performing the binary process on the vicinity 
of the 7X7 area, when a result shown in Fig. 7 is stored in 
the memory 222, the count is 3 in the vertical direction and 
the count is 7 in the horizontal direction. Then, the minimum 
value of both the counts, i.e. , 3 le output ted as a line width 
from the line width counting circuit 223. 

[0028] Fig. 6 shows a configuration of the fine line density 
conversion portion. The fine line density conversion portion 
23 Includes a maximum value determination circuit 231, a 
conversion quantity determination table 232, a density 
correction processing circuit 233 and a selector 234. 
[0029] The maximum value determination circuit 231 finds the 
maximum value MAX(R, G, B) of R, G and B signals. An experiment 
is carried out in advance and a quantity of density reduction 
in a fine line portion that is caused by a reading error is 
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determined in connection with the MAX(R, G ( B) and a line width 
of the fine line portion. In the conversion quantity 
determination table 232 is prepared a conversion table that is 
created based on the experimental result . An example of contents 
of the conversion quantity determination table is shown in Fig, 
8. 

[0030] The density correction processing circuit 233 corrects 
R, G and B signals based on an output value Sub of the conversion 
w quantity determination table 232 using equations as shown below 

and outputs the corrected signal values . Supposing that signal 
values before the correction are denoted by (R ln , Gm, Bm) and 
signal values after the correction are denoted by (R ou t, G out , 
Bom)* the following equations are obtained. 
Rout= Rm + Sub 
G ou ^= Gin + Sub 
Bour= B ln + Sub 

[0031] The selector 234 selects output values of the density 
correction processing circuit 233 to output the same when the 
detection result by the fine line area detection portion 21 is 
a fine line area. When the result is a non-fine line area, the 
selector 234 selects input signals (R, G, B) to output the same. 
[0032] The processes mentioned above allow for correction of 
density reduction in a fine line portion with hue being kept 
constant , the density reduction being caused by a reading error . 
In the following processes, in the case of output to a color 
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copier, a color correction portion 5 converts RGB signals into 
YMC signals that are complementary colors. As this color 
correction method, a linear approximation method, a so-called 
masking method and others are proposed generally. These methods 
axe used to perform a color correction process as follows, for 
example. 
[0033] 

Y« ctO + al x R' + a2 x G r + a3 x B ' 
w M- pO + pi x R' + 02 x G' + p3 X B ' 

O yo + yl x R' +72 x G' + y3 x B' 

Here, aO- a3, pO- p3 and YO-y3 are color correction coefficients 
in which features of an image input and output apparatus are 
considered. 

[0034] Next, an undercolor removal portion 6 rids YMC signals 
of a gray component to replace the gray component with a black 
component, so that a black signal K is generated. Note that 
a value obtained by subtracting the generated black component 
K is used as the YMC components. Supposing that signals before 
the undercolor removal process are denoted by (Y ln , M in , C in ) and 
signals after the undercolor removal process are denoted by ( Y ou t , 

), the following equations are expressed. 
[0035] K ou t= min (Y in , M ln , C ln ) x Ratio 
Y 0 ut = Y in - K out 
Mout" M ln - K out 
C ou t= Ci n • K out 
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The "Ratio" denotes an undercolor removal quantity and has a 
real number of 0.0-1.0. When the UCR quantity has a value of 
1.0, an image quality of black characters is Improved due to 
many blacfc-color recording materials. In this case, however, 
reduction of color saturation is liable to stand out in a picture 

area. Lastly, a printer y correction process 7 is performed 
for correcting printer characteristics and an output process 
to an image output apparatus 8 is performed. 
[0036] 

[Effect of the Invention] As discussed above, according to the 
invention defined in claim 1, reading accuracy of images is 
improved since redundant components included in reflected light 
from the original are removed. 

[0037] According to the invention defined in claim 2, 
deterioration of an image quality, which is caused by density 
reduction of the original including fine lines particularly such 
as low-contrast characters, is improved since the density 
reduction is corrected in a fine line area. 

[0038] According to the invention defined in claim 3, in a pixel 
area including a scanned pixel and its vicinities such as the 
vertically adjacent pixels, the horizontally adjacent pixels 
and the obliquely adjacent pixels, pixels in which the scanned 
pixel has the greatest density is detected as a fine line area. 
Accordingly, a fine line area in the original is detected with 
a high degree of precision. 
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[0039] According to the invention defined in claim 4, density 
is corrected in accordance with a degree of a reading error, 
since a density correction quantity is controlled depending on 
a density value of a pixel that is detected as a fine line area. 
[0040] According to the invention defined in claim 5, density 
is corrected in accordance with a degree of a reading error, 
since a density correction quantity is controlled depending on 
a width of a fine line. 

[ 0041 ] According to the invention defined in claim 6 , only density 
is corrected with keeping hue constant. Accordingly, when 
density of a fine line portion is corrected, a color of the fine 
line portion does not change, which causing no deterioration 
of an image quality due to blur of colors. 
[0042] According to the invention defined in claim 7, density 
of a fine line portion is corrected for a color input image that 
is expressed by RGB signals that are a density space after a 
logarithm correction process or by CMY signals by adding or 
subtracting the same quantity to or from each pixel value of 
RGB or CMY. Accordingly, a color of the fine line portion does 
not change and no deterioration of an image quality occurs due 
to blur of colors. 
[Brief Description of the Drawings] 

[Fig. 1] A functional block diagram of a color image processing 
apparatus of the present Invention. 

[Fig. 2] A configuration of a reading error correction portion. 
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[Fig. 3] A diagram for describing detection of a peak pixel. 
[Fig. 4] A configuration of a fine line area detection portion. 
[Fig. 5] A configuration of a line width detection portion. 
[Fig. 6] A configuration of a fine line density conversion 
portion . 

[Fig. 7 J An example after a binary process in the line width 
detection portion. 

[Fig. 8] An example of contents of a conversion quantity 
determination table. 



[Fig. 9] An overall view of a copier. 
[Fig. 10] An outline of a scanner. 

[Fig. 11] A diagram for describing ideal reflected light from 
the original. 

[Fig. 12] A diagram for describing redundant reflected light 

from the original. 

[Explanation of Reference Symbols] 



1 . 


. . image reading apparatus 


2 . , 


. . shading correction portion 


3 . , 


> . logarithm correction portion 


4 . . 


. . reading error correction portion 


5 . , 


> . color correction portion 


6 . . 


. . undercolor removal portion 


7 . . 


, . printer y correction portion 


8 . ■ 


, . image output apparatus 
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Fig. 5 

221 Binary process portion 

223 Line width counting circuit 

Line width 

Fig. 6 

231 Maximum value determination circuit 

232 Conversion quantity determination table 

233 Density correction processing circuit 

234 Selector 

Fine line area/Non-f ine line area 
Correction quantity Sub 
Line width 

Fig. 8 
Line width 

Correction quantity Sub 

Fig. 10 
Original 
Contact glass 
Illumination lamp 
Optical system element 
Photoelectric converter 



JAN-0S-2006 05:55 06S3041575 9 IX P. 26 



imm FAX0S-6304-1575 2006$ 13 63 (k) 1 9 : 47/R1 9 : 43/£li%6?00C32229 P 27 

» » 

(18) 

JP-A 9-298665 

Fig. 1 

1 Image reading apparatus 

2 Shading correction portion 

3 Logarithm correction portion 

4 Reading error correction portion 

5 Color correction portion 

6 Undercolor removal portion 

7 Printer 7 correction portion 

8 Image output apparatus 

Fig. 2 

23 Fine line density conversion portion 

21 Fine line area detection portion 

22 Line width detection portion 
Fine line area/Non-f ine line area 
Line width 

Fig, 4 

212 Dl direction peak pixel detection circuit 

213 D2 direction peak pixel detection circuit 

214 D3 direction peak pixel detection circuit 

215 D4 direction peak pixel detection circuit 

216 Fine line area comprehensive determination circuit 
Fine line area/Non-f ine line area 



JfiN-06-2006 05:55 



0663041575 



3V4 



P. 27 



FROM mUm FAX06-6304-1575 



2006? Ifl 63 (i) 19:48/181 9 :4S/3JISf670C032229 ? 23 



(20) 

JP-A 9-298665 

Fig. 11 

Ideal reflected light 
Original 

Fine line portion 
Paper white portion 

Fig. 12 

Redundant reflected light 
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